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Scientists have developed and
tested a new imaging technique
that reveals the atomic structure
of thin films with unprecedented
resolution. For the first time, the
technique has shown very precisely
how the atoms of the first layers of
a film rearrange under the action
of the substrate on which the film
is grown. The results of the study
are reported as the cover story of
the October, 2002 issue of Nature
Materials.

�This technique directly provides a
very precise image of atomic posi-
tions within a film and at the inter-
face between a film and a sub-
strate,� says Ron Pindak, a physi-
cist at the NSLS and one of the au-
thors of the study. �With the cur-
rent growing interest in the study
of nanomaterials, which are the
size of a few atoms, this technique
will probably be key in devising
such materials and understanding
their properties.�

Thin films are currently used in
many technologies, including elec-
tronic chips, coatings, and mag-
netic recording heads. To improve
the properties of these materials
and create even thinner structures
� such as smaller electronic chips
� scientists are now trying to un-
derstand how the films interact with
the substrate on which they are
grown.

�When you build a film on a sub-
strate, the positions of the atoms
of the film are slightly shifted, and
some of these shifts can be very
small,� says Roy Clarke, a physi-
cist at the University of Michigan
in Ann Arbor and another author
of the study. �So it is important to
be able to explain how these films
behave at the atomic level.�

By building upon traditional x-ray
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diffraction, the newly devised tech-
nique provides such information. In
this technique, x-rays are projected
onto the film and the substrate pat-
tern, which is then used to deter-
mine the positions of the atoms in-
side the film. The diffraction pat-
tern of thin films is composed of
ridge-like features called �Bragg
rods,� hence the name of the tech-

nique: coherent Bragg rod analy-
sis (COBRA).

The COBRA technique determines
two key properties of the diffracted
x-ray waves: their intensity and
their phase, which describes the
shift in position between the inci-
dent and diffracted x-ray waves.
Though the amplitude is easily de-

termined from the diffraction pat-
tern, the phase is usually more dif-
ficult to determine, which is just
what COBRA does.

�Key to the COBRA technique is a
new approach to determining the
phase of the diffracted x-ray
waves,� says Yizhak Yacoby, physi-
cist at the Hebrew University in

Jerusalem and lead author of the
study. �Unlike traditional x-ray dif-
fraction techniques, COBRA does
not rely on a priori guesses about
the structure of the film and the
substrate, and we do not need to
prepare the sample in a special way
� as with a transmission electron
microscope.�

Yacoby, who started developing the
technique four years ago, first ap-
plied it to known structures by us-
ing x-rays produced at the NSLS,
which allowed him to refine the
technique. In their recent study,
Yacoby and his collaborators ap-
plied the technique to a film made
of gadolinium oxide grown on a
gallium arsenide substrate using
brighter x-rays at the Advanced
Photon Source (APS) at Argonne
National Laboratory in Illinois. Key
to the successful data collection
were two APS beam lines that
Clarke and Edward Stern, a physi-
cist at the University of Washing-

Electron density map of gadolinium
atoms (located around the peaks) in the
gadolinium oxide film, obtained by
using the COBRA imaging technique.
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ton in Seattle, perfected for the
past five years.

The researchers made unexpected
observations. They noticed that two
thirds of the gadolinium atoms in
the first few layers of the film ad-
just to match the positions of the
atoms in the substrate. The re-
searchers also discovered that the
structure of the first layers of the
film mimics very closely the

Electron density map of one of the layers of the gadolinium oxide film close to the gallium arsenide substrate (left) and a
layer in the substrate (right), by using the COBRA imaging technique. A comparison of both maps shows that the gadolinium
atoms (around the yellow-red peaks) rearrange so that the maps mimic each other.

substrate�s structure, while the at-
oms in the layers farther away from
the substrate are arranged more
like those in the bulk form of ga-
dolinium oxide. The layer stacking
of the film also appeared to mimic
very closely the substrate�s struc-
ture.

The scientists now intend to inves-
tigate the properties of various
other films. Yacoby, who has al-

ready submitted patents for the
COBRA technique, is confident that
it will have many applications in the
design of electronic devices based
on thin films, the self-assembly of
layers made of metal oxides used
in catalysis, and the study of films
made of large organic molecules,
such as proteins.
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